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Abstract 

The effects of regular non-weight-bearing (NWB) exercise on bone health are largely unknown. The objective of the study was to 
determine the effects of participation in NWB sports on bone health in adult male recreational athletes. Male cyclists (NWB; n = 27) and 
runners (weight-bearing [WB]; n = 16) aged 20 to 59 years were recruited from the community. Whole-body and regional bone mineral 
content and bone mineral density (BMD), and body composition were assessed using dual x-ray absorptiometry. Bone formation and 
resorption markers, and hormones were measured in serum. Bone-loading history was estimated from a sports participation history 
questionnaire. Nutrient intake and current physical activity were estimated from 7-day written logs. The NWB athletes had significantly 
lower BMD of the whole body and spine than the WB athletes, despite having similar age, weight, body mass index, body composition, 
hormonal status, current activity level, and nutrient intakes. Sixty-three percent of NWB athletes had osteopenia of the spine or hip, compared 
with 19% of WB athletes. Cyclists were 7 times more likely to have osteopenia of the spine than runners, controlling for age, body weight, 
and bone-loading history. There were no group differences in serum markers of bone turnover. Based on the results of this study, current bone 
loading is an important determinant of whole-body and lumbar spine BMD. Therefore, bone-loading activity should be sustained during 
adulthood to maintain bone mass. 

© 2008 Elsevier Inc. All rights reserved. 


1. Introduction 

Osteoporosis affects more than 2 million men in the 
United States, and nearly 12 million more have osteopenia 
[1]. In addition, 85% to 90% of all hip and vertebral fractures 
in men occur in osteoporotic individuals. Furthermore, the 
number of fractures associated with osteopenia is nearly 
double that of osteoporotic fractures [2], Nevertheless, 
osteopenia and osteoporosis in men often remain undiag¬ 
nosed and inadequately treated. Unlike women who are often 
identified as osteopenic or osteoporotic via routine dual x- 
ray absorptiometry scans, men usually present with fragility 
fractures, back pain, or diminishing stature [3]. In addition, 
even after having a fracture, men are less likely to receive 
follow-up care and to be prescribed antiresorptive pharma¬ 
cotherapy than women [4], 

Risk factors for osteoporosis in men are similar to those 
identified in women: family history, age, low body weight, 
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smoking, excessive alcohol consumption, inadequate cal¬ 
cium or vitamin D intake, low reproductive hormone levels, 
physical inactivity, and disease or medication affecting 
bone metabolism [5,6]. One might expect that men who 
participate in endurance sports, such as running and road 
cycling, would be at reduced risk for osteopenia and 
osteoporosis because of their healthful lifestyle and high 
levels of physical activity [7,8]. Surprisingly, the preva¬ 
lence rates of osteopenia and osteoporosis are alarmingly 
high in adult male road cyclists [9-12], but not in distance 
runners [11]. 

Low body weight and weight loss have been associated 
with reduced bone mineral density (BMD) [13,14] due to 
reduced mechanical loading on the skeleton and hormonal 
changes associated with inadequate energy intake [15,16]. 
However, because runners and cyclists both have relatively 
low body weight compared with sedentary men [11], the 
discrepant BMD has been attributed to lack of ground 
reaction forces (GRF) on the skeleton during cycling 
[9,11,12], 

The importance of mechanical stress in maintaining the 
balance between bone formation and resorption is evident 
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in the rapid loss of bone that occurs during weightlessness 
and prolonged bed rest [17,18]. Road cycling has little 
osteogenic effect on bone because of the type of forces it 
exerts on the skeleton [18]. Based on longitudinal studies 
of bed rest [19,20] and space flight [20], one might 
expect bone resorption to be elevated in cyclists, at least 
transiently, and bone formation to be unchanged. How¬ 
ever, the effects of cycling on rates of bone formation and 
resorption and, therefore, on the remodeling imbalance 
that leads to bone loss in cyclists remain to be identified. 
Therefore, the objectives of this study were to (1) determine 
the effects of participation in non-weight-bearing (NWB) vs 
weight-bearing (WB) sports on bone mineral content (BMC) 
and BMD of the whole body, hip, spine, and appendicular 
skeleton and (2) compare rates of bone turnover between 
male athletes in NWB (cycling) and WB (running) sports. 

2. Materials and methods 

2.1. Experimental subjects 

The effects of participation in a WB vs NWB sport on 
BMC and BMD and on serum markers of bone turnover in 
adult male athletes were compared using a cross-sectional 
study design. 

Forty-three male athletes in WB (running, n = 16) and 
NWB sports (cycling, n = 27) aged 20 to 59 years were 
recruited from the University of Missouri and Columbia 
community via flyers posted on campus, at local bicycle and 
sporting goods stores, and on Web sites of local cycling and 
running clubs. To be eligible for the study, participants had to 
perform a minimum of 6 hours per week of sport-specific 
training for at least the past 2 years. Exclusion criteria 
included current or previous medical condition or use of 
medication affecting bone health, implanted metal that 
would interfere with determination of BMD, and cigarette 
smoking. Before initial screening, all participants were 
informed of any risks associated with this study, they read a 
consent form, and they gave written consent. This study was 
conducted in accordance with the guidelines in the 
Declaration of Helsinki and was approved by the University 
of Missouri Health Sciences Institutional Review Board. 

2.2. Anthropometric data 

Participant weight was determined to the nearest 0.05 kg, 
height was determined to the nearest 0.5 cm, and the results 
were used to calculate body mass index (BMI) (in kilograms 
per square meter). 

2.3. Serum hormones and bone turnover markers 

To control for diurnal variation in serum hormones and 
bone turnover markers, blood was drawn in the early 
morning (6:00 am to 9:00 am) after an overnight fast. 
Participants were asked to refrain from exercise during the 
24 hours before the blood collection (15 mL) via an 
antecubital vein by a trained phlebotomist. Blood was 


dispensed into serum separator tubes and allowed to 
coagulate at room temperature or on ice according to assay 
protocols. The coagulated blood was centrifuged at 2000g 
for 15 minutes, and the serum was removed and frozen at 
-80°C. All hormone and bone turnover marker assessments 
were done in duplicate, and all assays were performed in a 
single ran to eliminate interassay variability. The concentra¬ 
tions of total testosterone, sex hormone-binding globulin 
(SHBG), dehydroepiandrosterone, cortisol, and free triio¬ 
dothyronine (fT3) in serum were determined using commer¬ 
cially available chemiluminescent immunoassays (Immulite 
1000; Diagnostic Products, Los Angeles, CA; intraassay 
coefficient of variation [CV] <5%). The free androgen index 
(FAI) was calculated as (testosterone/SHBG) x 100. The 
concentration of total insulin-like growth factor I (IGF-I) was 
measured after IGF-I binding proteins were removed by acid 
precipitation using a commercially available enzyme-linked 
immunosorbent assay (ELISA) (Diagnostic Systems Labora¬ 
tories, Webster, TX; intraassay CV was 2.7%). Serum 
estradiol also was measured using ELISA (Bio-Quant, San 
Diego, CA; intraassay CV was 10.5%). 

Serum markers of bone formation and resorption can be 
used as indirect measures of bone remodeling. Markers of 
bone formation include bone-alkaline phosphatase (bone- 
AP) and osteocalcin (OC), which are secreted by osteoblasts 
during bone formation. C terminal telopeptide of type I 
collagen (CTX) is released when bone collagen is broken 
down during bone resorption. Serum OC, bone-AP, and CTX 
were measured by ELISA (Nordic Bioscience Diagnostics, 
Herlev, Denmark). Cross-reactivity of the anti-human bone- 
AP antibody is 3% to 8% with liver AP and 0.4% with 
intestinal bone-AP. 

2.4. Bone mineral content and density 

Dual x-ray absorptiometry (Hologic Delphi A, Waltham, 
MA) was used to measure BMC and areal BMD at the 
lumbar spine, total hip, appendicular skeleton, and whole 
body. Areal BMD (in grams per square centimeter) was 
calculated from bone area (in square centimeters) and BMC 
(in grams). All dual x-ray absorptiometry scans were 
performed and analyzed by one investigator (PSH). The 
CVs for BMC and BMD were <1%. The World Health 
Organization definitions were used to categorize partici¬ 
pants as having normal BMD (>-1.0 SD), osteopenia 
(<-1.0 SD, >-2.5 SD), or osteoporosis (<-2.5 SD) of the 
spine and hip [21]. 

2.5. Questionnaires 

Current physical activity was quantified using a 7-day 
written training log of activity type, duration, intensity, and 
frequency. The Compendium of Physical Activities was 
used to estimate daily energy expended during purposeful 
exercise [22], Nutrient intake was assessed using 7-day 
written diet record. Food diaries, not including multi¬ 
vitamin supplements, were analyzed for energy and macro- 
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and micronutrient content (Food Processor 8.0; ESFIA, 
Salem, OR). 

Subjects completed a medical history questionnaire and 
the Historical Leisure Activity Questionnaire (HLAQ) [23]. 
The HLAQ was developed to measure historical leisure time 
physical activity across the life span and to relate prior 
activity to bone density in postmenopausal women. The 
original interviewer-administrated version of the HLAQ has 
been modified for self-administration with good reliability, 
that is, intraclass correlation coefficients of approximately 
0.86 for lifetime vigorous-intensity activities [24], The 
HLAQ has been used to examine the relationship between 
lifetime WB activity and current bone density in adult men 
[9,25] and women [26], In the present study, the HLAQ was 
used to assess participation in leisure time physical activity 
during 3 periods of the life span: adolescence (13-18 years), 
young adulthood (19-29 years), and adulthood (30-59 years). 
To enhance recall of past physical activity, participants were 
provided standardized verbal prompting by study personnel 
(PSH). Study personnel reviewed each subject’s responses 
on the medical history and HLAQ to verify completeness 
and accuracy of the written history. 

2.6. Bone-loading history 

Questionnaires that assess the effect of physical activity 
history on BMD must include information regarding activity 
type, frequency, duration, loading on bone, and develop¬ 
mental period during which the physical activity occurred 
[27]. Thus, bone-loading impact scores were calculated for 
adolescence, young adulthood, and adulthood (>30 years) 
using the responses provided in the HLAQ and biomecha¬ 
nical GRF for each activity, as described by Groothausen et 
al [28]. Based on the GRF, all reported activities were 
classified into 4 categories (0-3): 0 (GRF <lx body weight; 
eg, cycling, swimming), 1 (GRF between lx and 2x body 
weight; eg, rowing, aquarobics), 2 (GRF between 2x and 4x 
body weight; eg, jogging), and 3 (GRF >4x body weight; eg, 
basketball, soccer, volleyball). 

A bone-loading exposure (LOAD EXPOSURE) score 
was then calculated for each developmental period as the 
product of the frequency, duration, and classification score, 
that is, 0 to 3, for each activity. A lifetime cumulative bone¬ 
loading exposure score was calculated as the sum of the 
LOAD EXPOSURE scores for adolescence, young adult¬ 
hood, and adulthood. This method of quantifying bone 
loading is similar to those described by Dolan et al [29] and 
by Daly and Bass [25] in that GRF, frequency, and duration 
of each activity determine the score. Bone-load history 
quantified in this manner was positively associated with 
BMD in adult women [29] and cortical BMC in adult men 
[25]. An annualized bone-loading exposure score also was 
calculated for each developmental period and for lifetime 
cumulative exposure by dividing the LOAD EXPOSURE 
score for each period by the number of years in that 
period. The purpose of the annualized score was to allow 


comparison of bone-loading exposure during adolescence, 
young adulthood, and adulthood. A bone-loading score for 
the prior 12 months also was calculated. 

2.7. Statistics 

Descriptive statistics (means ± SEM) were performed on 
demographic, anthropometric, nutrient intake, serum hor¬ 
mones, physical activity, and sports history variables. 
Outcome variables were normally distributed. Bone-loading 
scores were not normally distributed and, therefore, were 
transformed by taking the square root; means ± SEM of 
untransformed data are presented in the results. Paired t tests 
were used to test for significant differences between the WB 
and NWB groups. Multiple linear regression also was used to 
test for group differences (group, 0 = NWB and 1 = WB) in 
whole-body and regional BMC and BMD, controlling for 
age, body weight, and bone-loading history (LOAD 
EXPOSURE). In addition, multiple linear regression was 
used to test for group differences in serum markers of bone 
turnover, adjusting for whole-body BMC. Logistic regres¬ 
sion was used to determine the effects of participation in 
cycling on likelihood of having osteopenia of the spine; body 
weight, age, and bone-loading history (LOAD EXPOSURE) 
were included as covariates in the model. Group means and 
least squared means were considered statistically different at 
P < .05, as determined by the protected least significant 
difference technique. Bivariate relationships between BMD, 
BMC, bone turnover markers, and serum hormones were 
evaluated using Pearson correlations and multiple linear 
regression to control for potential covariates (age, body 
weight) (P < .05). 

3. Results 

The WB and NWB athletes were, on average, the same 
age, height, weight, BMI, and body composition (Table 1). 
The age ranges for the cyclists (20-57 years) and runners 
(23-59 years) also were comparable. In addition, the WB and 


Table 1 

Participant characteristics 



WB (n = 16) 

NWB (n = 27) 

Age (y) 

39.8 ± 2.4 

38.1 ±2.5 

Anthropometry 

Weight (kg) 

74.0 ± 1.4 

76.6 ± 1.4 

Height (m) 

1.80 ±0.01 

1.82 ±0.01 

BMI (kg/m 2 ) 

22.9 ± 0.4 

23.1 ± 0.3 

Body fat (%) 

13.8 ±0.6 

14.2 ± 0.7 

Lean body mass (kg) 

61.0 ± 1.1 

62.7 ± 0.9 

PA 

PA (h/wk) 

11.4 ± 1.5 

13.0 ± 1.2 

PA energy expenditure (kcal/d) 

1220 ±191 

1481 ±119 


Data are means ± SEM. Physical activity energy expenditure was calculated 
using activity type, duration, intensity, frequency, and body weight. PA 
indicates physical activity. 
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Table 2 

Bone-loading history of adult male athletes in WB and NWB sports 


Life stage 

WB 

NWB 

Adolescence (13-18 y) 

n= 16 

n = 27 

LOAD EXPOSURE 

6502 ± 2204 

3516 ±795 

LOAD PER YEAR 

1060 ± 370 

600*131 

Young adulthood (19-29 y) 

n= 16 

n = 25 

LOAD EXPOSURE 

5020 ± 1431 

4326 ± 1989 

LOAD PER YEAR 

520±181 

397±181 

Adulthood (29-60 y) 

n= 14 

n= 18 

LOAD EXPOSURE 

6216 ± 1432 

5414 ±3369 

LOAD PER YEAR 

550 ± 117 

330 ± 143 

Lifetime cumulative 

n= 16 

n = 27 

LOAD EXPOSURE 

14400 ± 164 

6561 ± 169 

LOAD PER YEAR 

592 ± ll a 

270 ± 5 b 

Current (prior 12 mo) 

n= 16 

n = 27 

LOAD EXPOSURE 

547 ± 94 a 

105 ± 27 b 


Data are means ± SEM. Means with different letter superscripts are 
significantly different; P < .05. LOAD EXPOSURE: bone-loading exposure 
is the sum of the products of GRF classification scores x duration x 
frequency for each activity [29] (see Materials and methods for details). 

NWB groups had equivalent physical activity levels when 
quantified as hours per week or as daily energy expenditure 
during training (Table 1). By design, the groups differed in 
their current bone-loading scores (Table 2). Lifetime 
cumulative bone-loading exposure and loading exposure 
scores during adolescence and young adulthood did not differ 
between groups (Table 2). However, annualized lifetime 
cumulative bone-loading exposure was significantly greater 
in the runners compared with cyclists (P = .05, Table 2). The 
nutrient intakes of the 2 groups were similar; however, the 
NWB athletes had greater intake of fat (Table 3). It is worth 
noting that neither group consumed the adequate intake for 
vitamin D (>5 qg/d; Institute of Medicine). 

Despite their similar stature, weight, and body composi¬ 
tion, the WB athletes had significantly greater whole-body 
and lumbar spine BMD compared with the NWB athletes; 
BMC of the lumbar spine also was greater in the WB athletes 
(Table 4). The group differences in whole-body and lumbar 
spine BMD remained significant (P < .01) after controlling 
for age, body weight, and lifetime cumulative load exposure, 
as well as bone-loading history during adolescence and 
young adulthood (data not shown). Based on the WHO 
definition, 60% of NWB had osteopenia of the spine 
compared with 19% for WB athletes. Cyclists were 7.4 


Table 3 

Nutrient intakes of adult male athletes in WB and NWB sports 


Daily nutrient intakes 

WB (n = 14) 

NWB (n = 22) 

Energy (kcal) 

2520 ± 205 

3038 ± 175 

Fat (g) 

77 ± 7 b 

99 ± 6 a 

Carbohydrates (g) 

348 ± 35 

406 ± 25 

Protein (g) 

104 ±7 

117*8 

Vitamin D (pg) 

3.2 ±0.8 

3.3 ±0.6 

Calcium (mg) 

1017 ±79 

1255 ± 102 


Data are means ± SEM. Means with different letter superscripts are 
significantly different; P < .05. 


Table 4 

Bone mineral content and areal BMD of adult male athletes in WB and 
NWB sports 



WB (n = 16) 

NWB (n = 27) 

P 

BMC (g) 

Whole body 

2918 ±91 

2795 ± 50 

.21 

Lumbar spine 

81 ±3 a 

70 ± 2 b 

.01 

Hip 

45 ±1 

42 ±1 

.26 

Leg 

567 ± 18 

549 ± 13 

.40 

Arm 

216 ±7 

214 ±5 

.72 

Femoral neck 

5.2 ± 0.2 

5.0 ± 0.2 

.36 

Ward triangle 

0.83 ± 0.05 

0.82 ± 0.04 

.88 

BMD (g/cm 2 ) 

Whole body 

1.26 ± 0.03“ 

1.20 ± 0.01 b 

.04 

Lumbar spine 

1.10 ± 0.04 a 

0.99 ± 0.02 b 

.007 

Hip 

1.07 ± 0.03 

1.01 ±0.02 

.09 

Leg 

1.37 ± 0.03 

1.30 ±0.02 

.08 

Arm 

0.89 ± 0.02 

0.86 ± 0.01 

.10 

Femoral neck 

0.90 ± 0.03 

0.87 ± 0.02 

.52 

Ward triangle 

0.74 ± 0.04 

0.71 ± 0.03 

.56 


Data are means ± SEM. Means with different letter superscripts are 
significantly different; P < .05. 


times more likely to have osteopenia of the spine than 
runners after adjusting for age, body weight, and bone- 
loading history (regression equation not shown). 

To characterize the nature of the bone loss, that is, 
excessive resorption vs suppressed formation, we measured 
bone turnover markers in serum. There were no differences 
in markers of formation (bone-AP: WB = 5.5 ± 1.1, NWB = 
7.0 ± 1.0 U/L; OC: WB = 16.6 ± 3.6, NWB = 14.7 ± 1.2 ^g/ 
L) or resorption (CTX: WB = 0.67 ± 0.08, NWB = 0.63 ± 
0.07 qg/L). Correcting for whole-body BMC did not alter 
this finding (data not shown). There were no significant 
correlations between bone turnover markers and BMD at any 
site, controlling for age and body weight (data not shown). 

There were no group differences in serum hormone 
concentrations except in fT3, which was lower in the NWB 
than the WB athletes (Table 5). Free T3 was positively 


Table 5 

Hormone concentrations in serum of adult male athletes in WB and 
NWB sports 


Hormone 

WB (n = 16) 

NWB (n = 27) 

Normal range 

Testosterone (ng/dL) 

570 ± 36 

539 ±31 

260-1500 

SHBG Oig/mL) 

13.2 ± 0.9 

12.4 ± 0.9 

5-25 

FAI 

55.4 ± 5.4 

59.3 ± 5.2 

14-128 

DHEA (ng/dL) 

182 ± 12 

222 ± 21 

80-560 

Estradiol (pg/mL) 

27.0 ± 3.3 

24.1 ±3.2 

<60 

Cortisol big/dL) 

18.8 ± 1,2 

17.0 ± 1.0 

5-25 

fT 3 (pg/mL) 

2.9 ± 0.1 a 

2.6 ± 0.1 b 

2.0-6.0 

IGF-I (ng/mL) 

161 ± 10 

153 ± 15 

100-400 

PTH (pg/mL) 

49.0 ±3.9 

46.2 ± 4.1 

10-65 

Data are means ± 

SEM. Means with 

different letter 

superscripts are 


significantly different; P < .05. Free androgen index = (testosterone/SHBG) 
*100. Conversion factors for metric to SI units: testosterone, 0.0347; SHBG, 
2.87; dehydroepiandrosterone, 3.47; cortisol, 27.59; T 3 , 0.0154; IGF-I, 
0.131; parathyroid hormone, 1.0. DHEA indicates dehydroepiandrosterone; 
PTH, parathyroid hormone. 
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correlated with bone-AP (r = 0.449, P = .0025), whereas 
estradiol was negatively correlated with bone-AP (r = 
—0.302, P= .04). Testosterone (r= 0.422, P= .004), FAI (r = 
0.386, P = .01), and cortisol (r = 0.443, P = .003) all were 
positively correlated with serum CTX. These significant 
relationships held after adjusting for age (data not shown). 
Serum hormone concentrations were not significantly 
associated with BMD at any site, adjusting for age and 
weight (data not shown). 

4. Discussion 

The results of the present study are consistent with earlier 
studies documenting increased prevalence of osteopenia in 
adult male road cyclists [9-12], By evaluating bone-loading 
history, we were able to control for the effects of prior 
activity on current BMD. We found that the cyclists had 
lower BMD compared with the runners, independent of 
lifetime cumulative bone loading and of bone loading during 
adolescence and young adulthood. 

4.1. Bone turnover markers: WB vs NWB athletes 

In the present study, NWB athletes had significantly 
reduced whole-body and lumbar spine BMD (-4% and 
-10%, respectively; P < .05) and marginal reductions at 
other sites (ie, leg, -5%; hip, -5%; arm, -4%; all P < .1). 
These differences do not appear to be due to differences in 
markers of bone turnover, as no differences were detected 
between runners and cyclists. Because serum markers reflect 
turnover of the entire skeleton, they may not be sensitive 
enough to detect differences that mostly are attributable to 
the lumbar spine, a site that accounted for approximately 
2.5% of total BMC in our study participants. In addition, 
markers of bone formation and resorption respond to short¬ 
term bouts of cycling [30,31] and running [32-34], However, 
our study design allowed us to examine long-term, but not 
short-term, effects of participating in a WB vs NWB sport on 
bone turnover. Thus, it may be necessary to measure the 
short-term effects of exercise on bone turnover markers to 
detect differences associated with different types of activity. 
It also is possible that the magnitude of the bone turnover 
uncoupling is large initially and then decreases over time, as 
is seen during bed rest [19,35] and space flight [20], Thus, it 
is plausible that a similar phenomenon may occur in men 
who spend a significant amount of time cycling in the 
unloaded condition. 

4.2. Hormones and bone turnover markers 

Exercise-associated changes in bone turnover may be 
mediated by hormones in 2 ways. First, exercise per se may 
induce hormone synthesis and/or secretion [36,37]. Second, 
exercise may create an energy deficit, which, in turn, alters 
hormone secretion [13-16]. It has been suggested that bone 
loss associated with endurance exercise results from 
hormonally mediated suppression of bone turnover and 


acceleration of bone resorption. Thus, hormones known to 
affect bone turnover and that are induced by exercise and/or 
are sensitive to energy balance were measured to explore 
mechanisms of reduced BMD in cyclists compared with 
runners. We observed expected relationships between 
hormones and bone turnover markers: fT3 was positively 
correlated with bone-AP, whereas estradiol was negatively 
correlated with bone-AP; cortisol and total testosterone were 
positively associated with CTX. However, there were no 
significant differences between WB and NWB athletes, 
suggesting that, in this cross-sectional study, hormones 
and bone turnover markers were unrelated to differences 
in BMD. 

4.3. BMD and past and present bone loading 

Bone loading during physical development significantly 
affects peak bone mass and vulnerability to osteoporosis [38] 
because the skeleton is more responsive to mechanical 
loading during periods of growth, that is, adolescence [7]. 
Because there may be residual effects of prior skeletal 
loading [28,39,40], especially during adolescence [7,29,40- 
42], on adult BMD, in the present study, bone-loading 
histories during adolescence and young adulthood were 
included as control variables when testing for group 
differences in BMD. Although group differences in devel¬ 
opmental stage-specific and lifetime cumulative bone 
loading were not significant, the runners had tended to 
have higher scores than the cyclists across the life span 
(Table 2). Thus, it was important to control for bone-loading 
history when examining group differences in BMD. We 
found that WB athletes had significantly greater whole-body 
and lumbar spine BMD than NWB athletes, controlling for 
bone-loading history. Consistent with the present findings, 
Nichols et al [9] reported that WB exercise during 
adolescence and young adulthood had no apparent effect 
on BMD in adult male cyclists approximately 50 years of 
age. These results and those of the present study confirm the 
necessity of sustained skeletal loading to maintain gains in 
bone mass, as was demonstrated in a prospective study of 
adolescent male athletes and nonathlete controls [41], 
Similarly, Van Langendonck et al [43], in a longitudinal 
study following male subjects from age 13 to 40 years, found 
that participation in high-impact sports during adolescence 
(13-18 years) had a beneficial effect on BMD of the lumbar 
spine, with additional benefit of continued participation in 
high-impact sports throughout adulthood (ages 19-39 years). 

The primary limitation of this study is the cross-sectional 
design. Although we attempted to control for differences in 
bone-loading history between groups, WB and NWB 
athletes may have differed in BMC and BMD before taking 
up running or cycling. Furthermore, because serum markers 
of bone formation and hormones were measured at a single 
time point, we were unable to assess changes in bone 
turnover during the dynamic phase of bone loss that occurs 
before stabilization at a new steady state. A strength of this 
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study is the thorough characterization of the participants, 
which demonstrated that cyclists and runners were very 
similar to each other regarding current physical activity level, 
nutrient intake, and body composition. Another strength of 
this study is the assessment of bone turnover markers and 
hormones, which demonstrated that bone turnover and 
hormonal status are not chronically altered by participation 
in a NWB sport. 

4.4. Summary 

In summary, we found that adult male cyclists had 
significantly lower BMD of the whole body, especially of the 
lumbar spine, compared with runners. Moreover, more than 
60% of the cyclists had osteopenia of the spine and were 7 
times more likely to have osteopenia of the spine than the 
runners. This striking difference in bone health between the 
cyclists and runners could not be attributed to differences in 
age, body weight, body composition, diet, hormonal status, 
overall activity level, or bone-loading history. Low bone 
density affects millions of men in the United States today, 
causing significant morbidity and mortality. Based on the 
results of this study, current bone loading is an important 
determinant of whole-body and lumbar spine BMD; and 
bone-loading activities such as running or jogging should be 
sustained throughout life to maintain bone mass. 
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